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This report is a summary of recent work done on the development of 
low noise, high resolution linear storage tubes. Five years ago a 
contract was set up through O.N.R. with the French Compagnie Generale de 
Telegraphie Sans Fil (CSF), to develop high resolution, low noise storage 
tubes. We were then interested in using these tubes for MTI radar video 
processing. Later we decided that a storage tube could be used as a 
video integrator in a different application if it were equipped with an 
electron gun which had a linear characteristic. Earlier we had worked 
on linear guns for cathode ray tubes applications and so we asked CSF 
to modify their existing storage tube gun design to achieve a linear 
characteristic (beam current proportional to input signal). This turned 
out to be more difficult than we had anticipated. The tubes do not yet 
have all the characteristics we desire. However, due to a change in the 
program at CSL> we decided to terminate this program.
The work done by CSF has been summarized very well by final reports 
(l, 2) covering the two principal phases of the work, as well as by a
INTRODUCTION
1). Wendt, G., Wide Dynamic Range Barrier Grid Storage Tube, CSF Final 
Report WR ^57, 31 October 1959> Contracts ONR 62-558-(l^)-1667 and 
ONR 62-558-(liO-1932.
Wendt, G., Wide Dynamic Range Barrier Grid Storage Tube with Linear 
Characteristies, CSF Final Report WR 577j 30 September I960, Contract 
ONR 67-550-2275
2 ) .
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number of quarterly progress reports. Our own work on CRT, (3, *0 and 
their application to radar video processors (3, 6) as well as our develop­
ment of a storage tube processor (7) have been discussed earlier.
We shall assume here that the reader has available the CSF reports, 
and is familiar with the design and operation of the TCM-16 and TCM-17 
type tubes.
As our processor imposed special requirements on the storage tube, 
we shall first discuss it briefly. We shall then attempt to assess the 
current state of these tubes, presenting data obtained at CSL where it 
supplements that in the CSF reports.
3). Rawcliffe, R. D., Krone, H. V., and Gooch, J., Cathode Ray Tube 
Linearity, CSL Report I-8l, January 1959»
k). Bitzer, D., and Rawcliffe, R. D., A Linear Cathode Ray Tube, Proc. 
IRE, Vol. k5, p. 1012, 1957*
5) . Rawcliffe, R. D., and Gooch, J .,Photographic Integration, CSL Report
1-82, January 1959*
6) . Ruina, J. P., and Rawcliffe, R. D., CSL Coherent High Resolution
Radar Program, CSL Report R-107> April 1959»
7) . Rawcliffe, R. D., Storage Tube Processor for High Resolution Radar,
CSL Report R-118, December 1959«
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THE CSL DATA PROCESSOR
The requirements we placed on the storage tube characteristics were 
determined by the video integrator in which we wished to use the tube.
The integrator had to add a hundred or so input signals which varied 
both in magnitude and in sign, and produce an output which was zero if 
the integrated input was zero (or it could be non-zero by a constant 
known amount). A non-zero input however did not necessarily have to 
produce an output which was accurately in proportion. In addition there 
were the usual requirements of low noise-wide dynamic range, and as good 
resolution as possible.
The CSF storage tubes had the required resolution and dynamic range. 
If there were to be zero output (except possibly for a constant) for 
zero integrated input it was essential that the beam current v.s. grid 
drive characteristic be linear. If the tube is operated in a conven­
tional manner, with the back plate being held at a suitable positive or 
negative voltage during write (relative to the grounded barrier grid) a 
charge (negative or positive, respectively) of one sign is stored on the 
target so that "zero” charge has to be defined as about half the charge 
needed to saturate the target, and positive or negative defined as charges 
larger or smaller than this value. This has the rather serious disadvan­
tage that the noise in small signals will never be less than that corre­
sponding to this "zero" level, i.e., half the noise at saturation.
This can be partially circumvented by operating the S.T. in an 
unorthodox manner, switching the back plate positive when recording
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positive signals and negative when recording negative signals (8), (or vice 
versa) so that charges of opposite signs are stored, i.e., "zero" can in­
deed be zero. In our application, this resulted in about a ten fold im­
provement in our signal to noise ratio. This implies that the magnitudes 
of the stored positive and negative charges are equal for equal signals, 
which in turn requires either that the secondary emission ratio, 5, of the 
target equal two or that a compensating adjustment (9) of the relative 
drive voltages be made.
8) . We did not switch the large back plate-barrier grid capacitance at
video frequencies, but rather switched between sweeps, recording 
only positive signals on one sweep and negative on the next.
9) . The charge stored with positive (q+ ) or negative (q“) back plate
during write are:
q+ a q+, T  (assuming all secondaries are retained by the target)
and
q~ a q~bT(&-1), (assuming all secondaries are repelled by the
target) where T  is the transmittance of the barrier-grid and q^ is the
charge in the beam falling on the target element. For equal + charge 
storage, we must have
qb+ = (5-1) q~b
If 5 = 2, the same angolifier gain can be used for either sign of 
drive voltage. More important, however, the linearity requirement 
is greatly relaxed.
This can be shown from the following:
When back plate switching is used, the same control grid voltage is 
used to write signals of either sign (6 = 2). The characteristic 
for negative signals is identical to that for positive signals, so 
that the overall characteristic can be represented by the positive 
section in the 1st quadrant which is extended by its image in the 
origin into the 3rd quadrant. Hence the characteristic is an odd 
function of the signal voltage and it can be described by odd order 
terms in its series expansion. Even order terms yield a constant 
term when integrated. Odd terms do not. Hence with only odd order 
distortion terms, the expectation of a non-zero build-up from a 
zero integral signal is much reduced.
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Our choice of the methods of writing and reading were influenced
by several considerations« One can write with the input signal applied
to the control grid and with the back plate held at a fixed potential
(relative to the grounded barrier grid) or he can apply the input
signal to the back plate and use a constant beam current. The
linearity of the second method depends upon the secondary emission
properties of the target which cannot be adequately controlled, and
so the first method was chosen. The signal is read out using a constant
beam current, and observing the signal on (l) the back plate itself (2)
on the back plate and barrier grid in parallel or (3) on the collector.
In our application the first method is impractical due to the large
back plate-barrier grid capacitance, and the third is poor because of
the large pedestal occurring with collector readout, and hence we adopted
the second. Even in this case the signal is on a pedestal due to the
barrier grid current. The height of this pedestal is proportional to
1-S where 5 is the grid secondary emission ratio. We tried to elimi- 
g g
nate it by coating the grid with a material whose 5 = 1 .  This can beg
done approximately, but then the eoplanar effect is large (See Sec. Vi).
We found it to be better to choose 6 as small as possible (carbon coating)g
and then to subtract off the grid pedestal.
To be satisfactory for our purposes, then, the existing TCM-l^, 
storage tube must have a linear electron gun,and a target with 5 as 
near as possible to two. We had developed linear guns for use in cath­
ode ray tubes (3) and it did not appear difficult to incorporate one in 
a TCM-1^ storage tube. In thenext two sections we discuss the tests 
made at CSL on the linear tubes TCM-16 and TCM-17, after which we
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consider our secondary emission data and some related side effects -which 
have caused trouble.
V
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THE TCM-16 TUBE
The TCM-16 gun is a direct result of our -work on cathode ray tubes 
(3, 10). We had obtained good linearity for two CRT guns and we assumed 
that the general design of the gun was satisfactory. However, it proved 
very difficult to duplicate the early work both in the storage tube and 
in later cathode ray tube development.
Figure 1 shows the linearity lines from one of the early cathode 
ray tubes. In Line 2 the CRT beam current is plotted against the total
10). Ref. 2, pp. 22-25
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cathode current, while in Line 1 the beam current is plotted against the 
grid input voltage with a 10 K resistor in the cathode circuit to linearize 
the response. Figure k.JO, reference 2 is representative of the linearity- 
obtained in the storage tubes. Other difficulties with the TCM-16 are 
adequately discussed in reference 2, page 29-31«
The troubles with the gun appear to arise primarily from the wire 
grids which act as multiple lenses, splitting the electron current into a 
number of components. The linearity is strongly affected by the precise 
manner in which these components fall on the aperture plate. Also this 
splitting degrades the resolution. If a control element which does not 
have this difficulty could be developed, this type of gun would provide 
linearity or perhaps controlled deviations from linearity in a very simple, 
easily realized manner.
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THE TCM-17 TUBE
The TCM-17 type tube uses a deflection modulation system which was 
conceived independently at CSF and at CSL (ll). While the tolerances in 
the gun are critical, it does appear to be considerably simpler to con­
struct than the current version of the TCM-16. With precise control of 
the width of the modulation slit, CSF has been able to achieve good line­
arity. The curves obtained in this laboratory are essentially the same 
as those in reference (2). The remaining defect of this gun is the 
residual deflection of the focussed spot caused by the modulating voltage 
(12). By careful design and alignment of the two sets of deflection
11) .
12).
Ref. 3> PP* 819-22.
FIG. 2
A simple technique which we used to 
find the optimum ratio of the volta­
ges on the two sets of modulation 
plates is as follows :
There are two modulator voltages, A 
and B (See figure 2) which yield the 
same beam current. We constructed 
a multivibrator which switched the 
modulators between these points on 
alternate write sweeps. We used the 
apparatus developed for testing re­
solution by the perpendicular method, 
i.e., the read raster perpendicular1 
to the write raster. The write 
raster was adjusted to be well re­
solved and the read raster was cut 
down to a single line so that the 
read out signal consisted of a 
series of pulses. These pulses
were unequally spaced unless the square wave modulation was applied 
to the two modulation plates in the proper ratio. If an odd number 
of lines was used in the write raster, a given line would correspond 
to voltage A, on one raster and voltage B, on the next, so that the 
corresponding readout pulse would jitter back and forth until the 
voltage ratio was precisely adjusted.
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modulation plates, CSF has reduced this deflection to a low value. However, 
it still causes a small loss in resolution, as shown by the CSF curves, (13).
As stated earlier, we were strongly interested in obtaining a target 
where 5 = 2 as this greatly simplified obtaining accurate cancellation of 
positive and negative signals in our video integration. With this in mind 
we have made a number of tests of the target, some of which are not in­
cluded in the CSF data. A method of measuring 5 is given in reference 1,
Eq.o 2.39 and Fig. 2-11. (See also page?7, below). Because of inconsist­
encies in our data, we made measurements of the sort given in Figure 3.
FIG. 3
In this figure the x-axis is the back plate voltage while the target was 
being written to saturation and the y-axis is the read out signal produced 
by this stored charge. The decrease in read out with increasing positive 
back plate potential was explained by Dr. Wendt (2), as due to the coplanar 
effect. He justified this by the flux plots in Ref. 2 (pp. 25-29). Ad­
ditional measurements at CSL support to his arguments.
13). Ref. 2, Fig. 8.1 to 8.8
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There are several secondary effects which cause errors in the 
simple method of measuring 5. These are discussed in the appendix to 
this report. It is shown that the coplanar effect causes a measured 
value of 5 which is too small. We measured 5 using a series of in­
creasing back plate voltages which should cause an increasing coplanar 
error. This is precisely the result shown in figure k. The value of 5
is a function of the accelerating voltage. In this experiment this 
voltage was chosen to yield a "true" value of 6 — 2. This was done by 
writing with a steady pulse of beam current and back plate switching. 
The accelerating voltage was then adjusted so that the integrated read 
out was zero. Note that this avoids the coplanar effect. However, it 
does not permit the measurement of values of 6 other than 2.
We have run curves similar to figure 3 for several tubes with 
various target-barrier grid combinations. The absolute magnitude of 
coplanar effect should be independent of the material of the target 
though the relative magnitude it is noto The effect is pronounced 
with a polished alumina target (5^2). It is relatively small but
«
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has the same absolute value if a M Fp coating is used (6^6). Coatingg t~
the barrier grid with carbon black, of course, reduces the effect.
A
TARGET AGING
Storage tubes frequently show an aging effect when small areas of 
the target are repeatedly scanned. A continued single line scan, for 
instance, will produce a dark line across a ToV. type image of the 
target, indicating a reduction in sensitivity. We once thought that 
this could be used to decrease the target noise in a way similar to 
"phosphor shaving” used earlier for improving cathode ray tube phos­
phors. In this process, a photo multiplier detects the light from the 
tube. The multiplier output is fed through an amplifier back to the 
CRT control grid. When the electron beam scans over a bright spot on 
the phosphor, the beam current is increased so that the spot is sub­
jected to an increased electron bombardment. If this is repeated, the 
bright spots are "shaved down" to the level of the background.
With storage tubes, unfortunately an analogous procedure does not 
work. The response at a given point can indeed be reduced perhaps by 
1 5 %  by repeated bombardment. However, we observed separately the 
readout "signals" from the back plate and from the barrier grid, and 
we found that the target itself is a very stable structure. The change 
appeared to be present only (over 9 0 %  ) in the barrier grid. In view 
of the very small thermal capacity of the grid this is reasonable.
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CONCLUSIONS
Using a TCM-17 tube with appropriate external circuitry it is possible 
to store a charge which is proportional (+ 3 70 ) to the integrated input. 
The readout, however, is nonlinear. We have not tackled the problem of 
obtaining a linear readout. It appears to be much more difficult than the 
problem of obtaining a linear write. A tube whose readout is proportional 
to integrated input would have a number of useful applications.
i
;
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APPENDIX
In studying the behavior of a storage tube -we need to measure the 
secondary emission ratio of the target, 5, and of the barrier grid, 6 , 
and also the electron transmittance,of the grid,T . In making these 
measurements we write to saturation on a given target area, and then read' 
out on the back plate and barrier grid in parallel* Expressions corre­
sponding to those below can easily be written for other methods of read­
out. We wish to point out in this appendix, several possible sources of 
error in these measurements and to write down simple expressions for the 
magnitude of these errors. #
According to the simple theory of the incoming beam current, ? b ", a
fraction,T, falls on the target, and 1- T  falls on the grid, so that
the secondary electron current ? ^ V 5 is released from the target and
o (l-T)& from the grid. If the target has a negative charge these 
c b ' g
secondaries are repelled and presumably picked up by the collector. If 
however the target has a large positive charge these secondaries are 
assumed to be pulled back to the target so that they have no net effect. 
The grid secondaries are all assumed to be drawn to the collector. The 
measurements made are shown schematically in figure 5• The pedestal due
r
I U
L.
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to the barrier grid has a height A. B is the readout pulse due to a sat-2
uration write on the target with the back plate positive (negative charge 
stored) while B , is a similar pulse with opposite voltage and charge. C, 
is a separate measurement of the total beam current made by connecting the 
collector, back plate and barrier grid in parallel (no write needed for this). 
We then have that
A = 2b (1-r) (l-6g ) 
s = i j r1 D
B = i . T  (6-1)2 b
C * 2
whence
B
s = 1 + r  
T- j -1 c
5g ■ 1 - C H
a. The Coplanar Effect
In the coplanar effect the current 2 ^ (l-'T) falls on the grid, re­
leasing 2 y. (1-^)8 secondaries, but a fraction, j, of these secondaries 
are driven back to the grid by the field from the neighboring negatively 
charged target, so that the net current to the grid is
2ij (1-^) (1-J 8g )
In figure 5 A , B , and C are still correctly measured but the pulse,l l
B , is, in effect, dropped down into a hole in the grid pedestal so that 2
the measured value of B , is too small.2
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B =2 (5-1) - 2(l-T) j 5 , whence the calculated value of 62 h g
becomes
6 i . r= 5 - ± - _  5 j calc. T g
The error in 5 is thus proportional to the coplanar effect. / and 6 are
6
not in error because of this effect•
bo The Effect of High Velocity Secondaries
It is well known that the secondary electrons can be divided 
roughly into two groups) slow "true" secondaries, and fast scattered 
primaries. When the total secondary emission is measured, both are 
included. The assumptions made above that all the target secondaries 
are drawn back to a positively charged area is certainly in error. If 
a fraction k, escape, the measured B is
B = (l-k&)1 D
There will also be an error in C as some of the high speed secondaries 
will return through the aperture in the collectors. If this aperture 
presents an effective solid angle, JX , to the target, the measured C 
becomes
c =  (i-'T) 8gkg -C-]
A and B are not affected. From these we find 
2
~l-k
calc. T-k5r,calc 1-kS
5g calc. = i -  ( i - r )  u - 8  ).............. p : ..- - ■
(l-r) + ^ 6 k  (1--2:) - ^ (l-T1 & kV ' ' Jt It g g
123-20
For these storage tubes *15> while from published curves/ we may guess
that k = 0.2 we may then coasbruct figure 6, giving &cale . which shows that
large errors may be made* We had been puzzled by the fact that the Optical 
transmittance of the grids used is about 0*6 While the value foeasufed by 
the above method always was near 0*^i If we insert the reasonable values 
of k and -^and^T*s 0*6, 5 = 2  , we indeed obtain' ^  Q*b, SO
that this discrepancy is accounted for*
c. Assume a fraction/ m, of the grid secondaries are drawn to a nearby 
positively charged area on the
V  (1*r )  - g
* A / B / and C/ are unaffected but/ 
i a
whence
5calc.
5 4 
1 +
. r
m 5
t r r
~ v
g
m 5
/K
I calc. 
5g calc*
-  r +
= 1 *
1 -5 g
1-mÔ .g
m 6g
We have no evidence that this effect is important *
'i
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d. Assume a fraction r of the secondaries from a negative target area
are attracted to the grid. A , B , and C, are unaffected.
1 1
B -2> 'T' (5-1) - Z T'5t ,
2 d
■whence
5 = and & are not changed.
This result is similar to that of the coplanar effect, though 
it does not show the same saturation effect.
This list does not exhaust the possible sources of error. The 
first two are probably the only ones of major importance.
